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.1 EP 0 537 ( 

Description 

This invention relates to apparatus for sputtering 
thin coatings of materiai onto a substrate and more par- 
ticularly to such apparatus utiiising a tubular target s 
(cathode) of the coating material. 

Cathode sputtering processes are widely used for 
depositing thin coatings or films of materiai onto sub- 
strates. Such a process taices piace in an evacuated 
chamber containing a smail quantity of an ionisable gas, io 
for example argon; electrons emitted from a source held 
within the chamber ionise the gas to form a plasma and 
the target comprising the material to be sputtered is 
bombarded by the tons causing atoms of the target ma- 
terial to be dislodged and subsequently deposited as a is 
film on the substrate being coated. 

It is well known that in magnetron apparatus the rate 
of deposition may be increased by the use of magnetic 
means, for example an array of permanent magnets po- 
sitioned in a predetemnined manner, (commonly as a 
closed loop), associated with the cathode target to de- 
fine the area or region, often referred to as the -race- 
track", from which sputtering, or erosion of the target, 
occurs. 

The target is commonly of flat, elongate and rectan- 25 
gular fotfrn and the substrate being coated is mpved con- 
tinuously or intermittently relative to the target during the 
sputtering process. Apparatus having such a target and 
having magnetic means of the type described above Is 
known as a planar magnetron. so 

One disadvantage of the conventional planar mag- 
netron is that the race track along which the sputtering 
takes place is relatively small and this causes erosion 
of the target surface in a relatively small, for example 
ring-shaped, region corresponding to the shape of the 3S 
closed loop magnetic field Thus, only a small portion of 
the total target surface area Is consumed before the tar- 
get needs replacing. 

It is also known, for example from WO-A-91/07521 
In the name of our subsidiary company, The BOC G roup, 40 
Inc. to replace the planar target with a hollow cylindrical 
one comprising, or having the outer surface thereof 
coated with, the material to be sputtered. Apparatus 
containing such a target is known as a cylindrical mag- 
netron and is sold by Airco Coating Technology (a divi- 45 
sion of the Applicants) under the trade mark "C-Mag". 

In cylindrical magnetron apparatus, the cylindrical 
target is rotatable about its longitudinal axis either con- 
tinuously or intermittently during use so that sputtering 
is not confined to one particular area of the target sur- so 
face. As with the planar magnetron, the substrate being 
coated Is moved, again either continuously or intermit- ■ 
tently, relative to the target in a direction transverse to 
the longitudinal axis of the target. 

The magnetron means in the form of an array of per- ss 
manent magnets are placed within the cylindrical target 
in a position closest to the substrate during coating and 
are generajly held stationary within the cylindrical target 
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whilst (in use) the latter rotates. However, some adjust- 
ment of the magnet array relative. Jto the target is nor- 
mally possible for overall adjustn^ent pnor to each sput- 
tering process. Such apparatus therefore allows a much 
greater amourit of the target to be consumed in the sput- 
tering process by selectively bringing different portfons 
of the target into a sputtering position in respect of the 
nnagnetic field fonned by the magnets. 

In reactive sputtering, a 'reactive" gas is introduced 
into the evacuated chamber h addition to the normal 
Ionisable gas (commonly argon). This reactive gas is 
present to react jn situ with particles of the target mate- 
rial to produce a sputtered coating incorporating the re- 
action products. For example it Is known to deposit a 
coating of a mixture of silicon and alurriinium oxides; form 
a silicon-aluminium alloy target by sputtering in a cham- 
ber containing argon and oxygen. AHernatively replace- 
ment of the oxygen by nitrogen as the reactive gas, can 
produce a coating comprising a mixture of silicori and 
aluminium nitrides or replacement by a hydrocarbon can 
produce a coating comprising a mixture of carbides. 

However, in such sputtering systems, there can be 
a tendency for the reactive gas to react with the target 
material prior to the individual target material particles 
being sputtered from the target, thereby forming a layer 
In the target of oxide, nitride or carbide (or whatever). 
The formation of such layer on the target is clearly un- 
desirable as it affects sputteririg performance. 

It is common practice for the ionisable gas and the 
reactive gas to be introduced into the evacuated cham- 
ber through individual inlets or through a common inlet. 
The present invention is concerned with controlling the 
introduction of these gases such that the problems as- 
sociated with the fonnation of undesirable target layers 
Is obviated or at least minimised. 

In accordance with the invention, there is provided 
apparatus for sputtering coatings of material onto a sub- 
strate from a chamber subject to substantial evacuation 
during use, which includes: 

- a substantially cylindrical target tube having on a 
surface thereof the materiai to be sputtered 

means for rotating the target tube about its longitu- 
dinal axis 

magnetic means for assisting the sputtering proc- 
ess by the provision of a magnetic field in a sputter- 
ing zone associated with the target tube 

- means for moving the substrate through the cham- 
ber and into the sputtering zone 

■ means for introducing an ionisable gas and a reac- 
tive gas into the chamber In the vicinity of the sput- 
tering zone 

wherein supplementary magnetic means are provided 
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to form a suppiementary magnetic field remote from the 
sputtering zone and means are provided to introduce 
lonisable gas, but not reactive gas, in the vicinity of the 
Gupplementary magnetic field, thereby allowing a sup- 
plementary sputtering process of said material to occur s 
in the vicinity of said supplementary magnetic field. 

Reactive gas should not be introduced in to the 
chamber in the vicinity of the supplementary magnetic 
field. This allows a supplementary sputtering process to 
occur in the supplementary magnetic field in the ab- 
sence of such reactive gas. As such the supplementary 
process, by allowing the ionisable gas to be ionised by 
the electron stream present in the chamber and by al- 
lowing the ionised gas to bombard the surface of the 
target tube, acts to remove through such bombardment 
the film of reactive gas reaction products from the sur- 
face of the target tube. 

In preiferred erribodiments, the primary magnetic 
means for providing the field for the sputtering zone and 
the supplementary magnetic means each cornprlse 
elongaite arrays of magnets extending substantially the 
length of the tube, being substantially parallel to the lon- 
gitudinal axis of the target tube and being positioned 
close to the internal surface of the target tube at diamet- 
rically opposed sides of the tube. The tube must be de- 
signed for rotation about its longitudinal axis relative to 
the two magnetic arrays which will remain stationary. 

Preferably, the ionisable gas and the reactive gas 
are Introduced Into the sputtering zone associated with 
the primary magnetic array and on the outside of the 
tube by means of a pipe (or whatevei-) penetrating the 
sputtering zone; the pipe can be advantageously perfo- 
rated along its length within the sputtering zone. The 
gases may be Introduced separately or pre-mixed. 

The ionisable gas alone, ie. with no reactive gas, is 
preferably introduced into the chamber in the vicinity of 
the supplementary magnetic field by a similar pipe, 
again preferably perforated. 

In this way and during use of the apparatus of the 
Invention, the primary magnetic means are present to 
concentrate the deposition of sputtered rriaterial on to a 
substrate positioned close to the target tube and in par- 
ticular to the sputtering zone in which the reactive gas 
IS delivered on a continual basis. 

By delivering only the ionisable gas (and no reactive 
gas) to the supplementary magnetic field area on the 
opposite side of the target tube, there will be supple- 
mentary sputtering taking place of material in that part 
of the tube and, in the absence of substantial amounts 
of reactive gas. this supplementary sputtering should re- 
move any unwanted "reaction" film fomried on the sur- 
face of the target tube during the reactive deposition 
phase. 

Although not essential, baiffles may be used in the 
chamber to assist In the retention of the reactive gas in 
the sputtering zone only and prevent substantial quan- 
tities migrating to the supplementary magnetic field ar- 
ea 



For a better understanding of the invention, refer- 
ence will now be made, by way of exemplification only, 
to the accompanying drawing which show a schematic 
sectional vi&w of an apparatus of the invention. 

With reference to the drawing, there is shown an 
apparatus of the invention having a chamber with a wall 
T within which is situated a target tube 2 mounted for 
iDtation about its longitudinal axis by means not shown. 

Positioned within the target tube 2 (and held sta- 
tionary therein) is a primary magnet array. 3 having 
mounted thereon three elongate permanent magnets 
4,5 and 6 of alternate polarity. The magnets 4,5 and 6 
are of substantially the same length as the tube 2 and 
arranged to be parallel to the longitudinal axis of the tube 
2- 

Also positioned within the target tube 2 (and held 
stationary therein) is a supplementary magnet array 7 
having mounted thereon three elongate permanent 
magnets 8,9,10. each of which are of substantially the 
same length as the tube 2 and arranged to be parallel 
to the longitudinal axis of the tube 2. 

Positioned (externally of the tube 2 is a pair of baffles 
11.12 which extend the length of the chamber and are 
designed to divide the chamber into upper and lower 
portions. 

A perforated pipe 13 is designed to deliver an lon- 
isable gas into the upper chamber position. A perforated 
pipe 14 is designed to deliver a mixture of an ionisable 
gas and a reactive gas into the lower chambier portion. 

A substrate 1 5 to be coated by sputtering from the 
target tube 2 is shown which, in use of the apparatus, 
moves in a direction at right angles to the longitudinal 
axis of the tube 2, ie. from left to right (or vice-versa) as 
shown in the drawing. 

The apparatus can therefore define, in use, a sput- 
tering zone in the lower portion of the chamber between 
the external surface of the tube 2 and the substrate 1 5 
and a supplementary magnetic field (rernote from the 
sputtering zone) associated with the supplementary 
magnetic array 7. 

In use of the apparatus, reactive gas (plus ionisable 
gas) is introduced only via the pipe 14 into the sputtering 
zone in the lower chamber portion with the baffles 11.12 
tending to keep the reaction gas in particular in that 
zone. Sputtering onto the substifate 15 therefore pro- 
ceedis In the norrnal way. However, as stated above, the 
reactive gas may react with the target material and form 
a layer of oxide, carbide and nitride on the surface of the 
tube 2 which nriay detract from the sputtering perform- 
ance. ' 

However, on each revolution of the target tube 2, 
the supplementary sputtering in the upper chamber por- 
tion (in the absence of reaction gas) tends to remove 
the deleterious layer from the tube surface by bombard- 
ment of k^nised gas particles. ' 

In this way, the su rface of the target tube 2 Is cleared 
on each revolution. 
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Clafnis 

1 . Apparatus for sputtering coatings of material onto a 
substrate from a chamber subject to sut^tantial 
evacuation during use, which includes: 

- . a substantiaity cylindrical target tube haying ori 

a surface thereof the nnaterial to be sputtered 

means for rotating the target tube about its lon- 
gitudinal laxis 

- • magnetic mearis for assisting the sputtering 

process by the prpyision^of a magnetic field in 
a sputtering zone associated with the target 
tube 

rrieans tor mpving the substrate through the 
chamber and jrito the sputtering zone 

means for introducing an jpnisabie gas and a 
reactive gas into the chamber in the vicinity of 
the sputtering zone 

characterised In that supplementary magnetic 
means are provided to fomi ^ supplementary mag- 
netic field remote from the sputtering zone aiTid 
rrieans are provided to introduce ionisable gas, but 
not reactive gas, in the vicinity of the supplementary 
magnetic field thereby allowing a supplementary 
sputtering process of said material to occur in the 
vicinity of said supplementary magnetic field. 

2. Apparatus according to Claim 1 in which the prinnary 
magnetic means for providing the field for the sput- 
tering zone and the supplementary magnetic 
means each comprise elongated arrays of magriets 
extending substantially the length of the tube, being 
substantially parallel to the longitudinal axis of the 
target tube and being posiioned close to the internal 
surface of the target tube at diametrically opposed 
sides of the tube. 

3. Apparatus according to any preceding claim in 
which the ionisable gas and the reactive gas are in- 
troduced irito the sputtering zone associated with 
the primary magnetic array and on the outside of 
the tube by means penetrating the sputtering zone. 

4. Apparatus according to Claim 3 in which the means 
Is a pipe perforated along its length within the.sput- 
tering zone. . 

5. Apparatus according to any precedirig clairh in 
which the ionisable gas alone is introduced into the 
chamber in the vicinity of the supplementary mag- 
netic field by means of a perforated pipe. 



6. Apparatus according to any preceding claim in 
which baffles are present in the chamber to assist 
retention of the reactive gas in the sputtering zorie 
and to prevent substantial quantities migrating to 
s the supplernentary magnetic field area 

Patentarispruche 

10 1. Gerat zur Zerstaubungsbeschichtung von Material 
auf einem Substrat aus einer Kammer, die in Be- 
trieb im wesentlichen evakuiert ist, mit 

ejnem im wesentlichen zyiindrisclien Targe- 
ts trphr mit tijem zu .zerstaybenden Material auf 
seiner Qberflache. 

Mitteln zum'Drehen d^s Tarigetrohrs um seine 
..Langsachse, 

20 

Magnetmittein zur Unterstutzung des Zerstau- 
bungsvorgangs d.urch das Erzeugen eines Ma- 
gnetfelds in einer Zerstaubungszone, die dem 
Targetrohr zugeordnet ist, 

2S ' 

- Mitteln zum Bewegen des Substrats durch die 
Kammer und in die Zerstaubungszone, 

Mitteln zum Einleiten eines ionisierbaren Ga- 
30 ses und eines reaktiven Gases in die Kammer 

in der Nahe der Zerstaubungszone, 

dadurch gekennzeichnet, dal3 zusatzliche Magnet- 
mittel vprgesehen sind, um ein zusatzliches Ma- 

3S gnetfeld entfernt von. der Zerstaubungszone zu er- 
zeugen, und dal^ Mittel vorgesehen sind, um ioni- 
sierbares Gas, jedpch kein reaktiyes Gas, in der 
Nahe des zusatzlichen Magnetfelds einzuleiten, um 
dadurch einen erganzenden Zerstauburigsvorgang 

40 des Materials in der Nahe deazusatzjichen Magnet- 
felds zu bewirken. 

2. Gerat nach Anspruch l. wobei. die primaren Ma- 
gnetmittel zur Erzeugung des Felds fur die Zerstau- 

4S ■ bungszone und die zusatzlichen Magnetmittel je- 
weils langliche Anordnungen von Magneten aufwei- 
sen, die sich |m wesentlichen uber die Lange des 
Rohrs erstrecken, im wesentlichen parallel zur 
Langsachse des Targetrohrs verlauf en und nahe an 

so der Innenoberflache des Targetrohrs an diametral 
gegenuberliegenden Rphrseiten positioniert sind. 

3. Gerat nach einem der vorhergehenden Anspruche, 
wobei das lonisierbare Gas und das reaktrve Gas 

55 in die der primaren Magnetanordnung zugebrdne- 
ten Zerstaubungszone und auf die AuBensejte des 
Rohrs durch die Zerstaubungszone durchdringen- 
de Mittel eingeleitet werden. 
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Gerat nach Anspruch 3, wobei die Mittel durch ein 
entlang seiner Lange innerhalb der Zerstaubungs- 
zone perforiertes Rohr gebildet sind. 

Gerat nach einem der vorhergehenden AnsprOche, 
wobei das ipnisierbare Gas aliein in der Nahe.des 
zusatzlichen Magnetfelds mittels eines perforierten 
Rohrs in die Kammer eingeleitet wird. 

Gerat nach einem der vorhergehenden AnsprOche, 
wobei in der Kammer Sperrwande angeordnet sind, 
um das ZurQcl<halten des reaktiven Gases in der 
Zerstaubungszone zu fordero und das Wandern 
wesentlicher Mengen hien^on in den Bereich des 
zusatzlichen Magnetfeids zu verhindem. 
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Revendleatlpns 

1, Appareil de pulverisation d'un hnatdriau pour la for- 
mation de rev§tements sur uri substrat, h partir 
d*une chambre soumise k une Evacuation impor- 
tante pendant Putiilsation, comprenant : 



3. Appareil seion I'une quelconque des revendications 
pr6c§dentes, dans lequel le gaz ionisable et le gaz 
r^actif sont introduits dans la zone de pulverisation 
associee h t'ensemble magn^tique primaire et k 
{"exterieur du tube par un dispositit qui p6nStre dans 
la zone de pulverisation. 

4. Appareil selon la revendication 3, dans lequel le dis- 
positif est un conduit perform sur sa longueur k i'in- 
terieur de ta zone de pulverisation. 

6. Appareil selon Pune quelconque des revendications 
precedentes, dans lequel le gaz ionisabie seul est 
introduit dans la chambre aii voisinage du champ 
magnetique suppiementaife par un conduit perfore. 

Appareil selon Tune quelconque des revendications 
. precedentes. dans lequel. des detlecteurs sont dis- 
poses dans'la chambre pourfaciliter la retenue du 
gaz reactif dans la zone de pulverisation et pour em- 
pecher la migration de quantites importahtes vers 
la zone du champ magnetique suppiementaire. 



un tube cible pratiquement cylindrique ayant la 
matiere k pulveriser sur une surface, 
un dispositit destine k faire tourner le tube cjble 
autour de son axe longitudinal, 
un dispositit magnetique destine k tacillter 
I'bperation de pulverisation par creation d'un 
champ magnetique dans une zone de pulveri- 
sation associee au tube cible, 
un dispositit de deplacement du substrat dans 
la chambre et dans la zone de pulverisation, et 
un dispositit d'introduction d'un gaz ionisable et 
d'un gaz reactit dans la chambre au voisinage 
de ia zone de pulverisation, 

caracterise en ce qu'un dispositit magnetique 
suppiementaire est destine k former un champ ma- 
gnetique suppiementaire k distance de ia zone de 
pulverisation et un dispositif destine k introduire un 
gaz ionisable, mais non un gaz reactit, au voisinage 
du champ magnetique suppiementaire afin qu'il 
permette ainsi une operation de pulverisation sup- 
piementaire de la matiere au voisinage du champ 
magnetique suppiementaire. - 
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2. Appareil selon la revendication 1 , dans lequel le dis- 
positif magnetique primaire destine k creer le so 
champ dans ta zone de pulverisation et ie dispositif 
magnetique suppiementaire comportent chacun 
des ensembles allonges d'aimants disposes prati- 
quement sur touts la longueur du tube et pratique- 
ment paralleles k I'axe longitudinal du tube cible et ss 
places k proximite de la surface interne du tube ci- 
ble sur des cdtes diametralemeht opposes du tube. 
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